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A method and apparatus for boring a hole in the earth 
including a drill bit assembly including a ?uid-powered 
impact engine contained within a drillpipe sub between an 
ordinary drillpipe and a modi?ed conventional rotary drill 
bit. The impact engine is powered by pressurized drilling 
?uid delivered via the drillpipe which acts on a piston to 
charge an energy accumulator, preferably in the form of a 
spring. Periodically, the pressurized drilling ?uid in the 
impact engine is vented, allowing the energy accumulator to 
rapidly transfer its stored energy to an impact bit which is 
slidingly housed in a rotary bit to strike and fracture the 
formation. 
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Fig. 5 
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ROTARY AND MUD-POWERED 
PERCUSSIVE DRILL BIT ASSEMBLY AND 

METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to a method and apparatus 

for boring a hole in the earth and speci?cally to rotary and 
percussive drill bit assembly, Which is preferably adapted for 
drilling Wells for the hydrocarbon exploration and produc 
tion industries but may be used for tunneling or similar 
applications. 

2. Description of the Prior Art 
The process of drilling a hole in the earth’s crust involves 

abrasive Wear of the formation, Wherein earth is removed or 
displaced by hard particles or protuberances on a drill bit 
forced against or slid along the formation surface at the 
bore/formation interface. For a solid subjected to a uniaxial 
stress in the form of a point load (force), the observed 
behavior of the solid is usually perfect elastic deformation 
folloWed by irrecoverable distortion that may take the form 
of plastic ?oW or fracture. In other Words, the abrasive Wear 
generally occurs by tWo distinct mechanismsiabrasive 
Wear by plastic deformation and abrasive Wear by brittle 
fracture. Under some circumstances, either plastic deforma 
tion or brittle fracture may occur alone, but both often occur 
together. For both modes, the particle or protuberance must 
have a hardness greater than the hardness of the material to 
be abraded. The mechanisms of abrasive Wear are treated by 
I. M. Hutchings in Tribology: Friction and Wear ofEngi 
neering Materials, CRC Press (1992). 

In abrasive Wear by plastic deformation, a hard particle or 
protuberance af?xed to the drill bit is dragged across the 
surface of the formation under an indentation pressure. The 
ductile formation ?oWs due to the action of the moving 
particle. Preferably, the ?oWing material is de?ected, form 
ing a chip Which ?oWs up the leading face of the particle in 
a process referred to as cutting. In cutting, all of the ?oWing 
material is removed from the substrate in a process analo 
gous to cutting material With a single point tool in a 
machining process, such as turning on a lathe. HoWever, 
abrasive Wear by plastic deformation also occurs When the 
?oWing material forms a raised proW of material in front of 
the leading edge of the particle. Some of the ?oWing 
material accumulates in the proW as the indenting particle is 
dragged across the substrate, While the remainder of the 
?oWing material is ploughed under the particle. Eventually, 
a portion of the raised proW is lifted up the leading face of 
the particle and removedia sequence referred to as Wedge 
formation, Which is repeated continuously as the particle 
moves across the substrate. The abrasive Wear by plastic 
deformation removal mechanisms are exempli?ed by the use 
of early rotary drag-type drill bits (Which are readily iden 
ti?ed by their ?sh-tall-shaped blades) and present-day dia 
mond-dressed (polycrystalline diamond compact (PDC) or 
natural diamond) bits. 

Contrarily, in abrasive Wear by brittle fracture, material 
removal predominantly occurs by brittle fracture of the 
formation With little contribution from plastic ?oW mecha 
nisms. When a solid is subjected to a uniaxial stress in the 
form of a point load from a hard angular particle Which 
indents the solid, intense shear and compression stresses are 
induced in the solid at the tip of the particle. At load values 
less than a critical value (Which depends on the hardness and 
fracture toughness properties of the solid), the induced 
stresses are relieved by local plastic How of the solid, 
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2 
densifying the immediate area surrounding the indentation. 
HoWever, at load values above the critical value, the induced 
stresses cause a median vent crack to form perpendicular to 
the surface of the substrate from the bottom of the indention 
into the substrate. Increasing the point load deepens the 
crack. After a median vent crack is formed, removing the 
point load by moving the indenting particle aWay from the 
solid results in a relaxation of the deformed material around 
the point of indentation. Residual elastic stresses in turn 
cause the formation of one or more lateral vent cracks 

originating at the median vent crack and curving upWards to 
the surface of the solid. These lateral vent cracks destroy the 
integrity of the solid and lead directly to the removal of 
material from the solid. The abrasive Wear by brittle fracture 
mechanisms are exempli?ed by the use of percussive early 
cable tool drilling techniques. 
The modern tricone bit, a re?nement over the Hughes 

cone bit introduced in 1908, marries the plastic deformation 
and the brittle fracture abrasive Wear mechanisms in a single 
bit. As the drill bit axially rotates in the bore under a 
longitudinal compressive load, the roller cones are forced to 
revolve around their axes causing the protuberances to 
rapidly impact the formation (abrasive Wear by brittle frac 
ture), but cone offset and friction in the roller cones under 
load also cause the protuberances to be dragged slightly 
across the formation for shearing (abrasive Wear by plastic 
deformation). For the protuberances to be effectively 
impacted against the formation surface, a large axial force 
must be imparted to tricone bits because the axial force is 
spread across a large number of indentation points on the 
roller cones Which contact the formation at any given time. 

Drilling methods, in Which the entire rotary drill bit is 
periodically axially impacted against the formation during 
rotation in a manner to aid in fracture of the formation, have 
been proposed as another means of combining the tWo 
modes of abrasive Wear to increase drilling rates. Most 
commonly, the entire cutting surface of the drill bit impacts 
against the formation due to hammering an anvil surface of 
the drill bit. The hammer that impacts the anvil surface of the 
bit can be located at the earth’s surface, but it is more 
commonly located doWnhole in a drillpipe sub just above the 
drill bit. Such doWnhole hammers are usually pneumatically 
driven from a supply of compressed air at the earth’s 
surface, but hydraulic doWnhole hammers are also knoWn. 
Additionally, some doWn hole impact hammers include a 
transmission With cams or gears to transfer the rotational 
energy of the drill string into an axial impact force. Although 
such systems may use standard olf-the-shelf drill bits, 
because the entire bit is impacted against the formation, the 
impact force is still spread across the large number of impact 
points resulting in only a fraction of the overall impact force 
acting at any given point in the formation. 

Regardless of the abrasive mechanisms at play, it has been 
long recogniZed by those familiar With the art of drilling oil 
and gas Wells that the most ef?cient drill assembly is that 
assembly Which transfers maximum energy to the formation 
(rock face) to aid in the removal of the material of the Well 
bore. Improvements that have advanced the drilling industry 
to its present day state include increased Weight run on 
existing bit assemblies, increased rates of revolution through 
advances of doWn-hole motor assemblies, percussive means 
on the drill bit assembly, modi?cations of conventional 
rotating core bits, improvements to conventional button drag 
type and PDC drag type bits, and re?nements of the mud 
systems employed. Such improvements are chronicled by 
the encompassing treatise, J. E. Brantly, History of Oil Well 
Drilling, Gulf Publishing Company (1971). 
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Despite such advancements, even today conditions exist 
in the drilling of deep, horizontal, or high pressured Wells 
Where the rates of penetration are very loW and the associ 
ated costs are high. There is a need for a drill bit assembly 
that applies additional energy to the rock face (over What is 
being applied in the industry today) for an increased rate of 
penetration of the Well bore and an accompanying reduction 
in the cost of the Well bore. 

3. Identi?cation of Objects of the Invention 
The primary object of the invention is to provide a method 

and apparatus that results in increased drilling rates. 
Another object of the invention is to provide a drill bit 

assembly for Which additional energy can be applied to the 
rock face (over What is being applied in the industry today) 
that results in a greater rate of penetration of the Well bore 
and a concomitant reduction in Well bore cost. 

Another object of the invention is to provide a method and 
apparatus Where, by increasing the energy level of the mud 
system to accommodate the piston mud engine of the 
invention, the drilling system is alloWed to operate as before 
but With the added energy applied to the rock face that Will 
aid in the penetration rate. 

Another object of the invention is to provide a method and 
apparatus that can be used in any type of mud system 
including Water, oil and polymer systems. 

Another object of the invention is to provide a method and 
apparatus that can be used Without modi?cation in conven 
tional rotary systems With ordinary drillpipe, doWnhole 
motor systems With conventional drillpipe or coiled tubing 
systems, top drive systems, vertical Wells, deviated Wells, 
and horiZontal Wells. 

Another object of the invention is to provide a method and 
apparatus that includes a mud engine of the simplest type 
Which uses the technology of the mud pumps that exist 
today. 

Another object of the invention is to provide a method and 
apparatus that uses a metal spring as an energy accumulator 
that can be tailored to accommodate varying poWer directed 
to the impact bit. 

Another object of the invention is to provide a method and 
apparatus Where the mud engine components such as liners, 
pistons, ports, and valves use state of the art elastomers and 
hardened Wear-resistant materials that typically alloW for 
operation under normal conditions for continuous periods of 
up to 400 hours. 

Another object of the invention is to provide a method and 
apparatus Where the impact bit is of su?icient siZe and 
strength to drill and last for periods equaling or exceeding 
the expected life of the piston mud engine. 

Another object of the invention is to provide a method and 
apparatus Where the life of the accumulator metal spring 
exceeds the other components of the drill bit assembly. 

Another object of the invention is to provide a method and 
apparatus that aids and improves control of directional 
drilling. 

SUMMARY OF THE INVENTION 

The objects identi?ed above, as Well as other features of 
the invention are incorporated in a method for concurrent 
rotary and percussive drilling of a hole in the earth and an 
apparatus for carrying out the method. 

In a preferred embodiment, the method includes drilling 
a hole With a drill string including a generally conventional 
diamond drag-type or tricone drill bit that has a longitudinal 
passage formed therein for slideably housing at least a 
portion of an impact bit. The drill bit is connected to a 
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4 
drillpipe sub Which houses a mud-poWered impact engine 
for reciprocating the impact bit against the formation or for 
striking an anvil surface on the impact bit to aid in fracturing 
the formation. PoWer is provided to the impact engine using 
added or excess hydraulic poWer output of a mud system, by 
increasing its hydraulic poWer as needed, Without disruption 
of the ordinary drilling setup. 

In a preferred embodiment, the apparatus for carrying out 
the preferred method is a drill bit assembly including a drill 
bit With a central longitudinal passage formed therein, an 
impact bit Which is at least partially slideably housed in the 
passage, and an impact engine housed in a sub and con 
nected to the proximal end of the drill bit. The reciprocating 
impact engine operatively engages the impact bit causing it 
to strike against the formation through the passage. The 
impact engine preferably includes a hydraulic cylinder and 
a piston assembly slideably received in and dynamically 
sealed against the cylinder. The piston assembly de?nes a 
proximal loWer pressure chamber and a distal higher pres 
sure chamber in the cylinder. A spring is located in the 
proximal loWer pressure chamber and is compressed by the 
piston assembly When drilling ?uid is pumped under high 
pressure into the distal higher pressure chamber, forcing the 
piston in a proximal direction. When the spring is fully 
compressed, a ?uid path is opened across the piston, equal 
iZing the pressure differential and alloWing the spring to 
rapidly and forcefully drive the piston assembly in a distal 
direction to act upon the impact bit, causing it to strike the 
formation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in detail hereinafter on the 
basis of the embodiments represented in the accompanying 
?gures, in Which: 

FIG. 1 is a transverse vieW of the Working end of a drill 
bit assembly according to one embodiment of the invention, 
shoWing a conventional PDC drag-type rotary drill bit With 
a central longitudinal passage formed therein for slideably 
receiving an axial impact bit; 

FIG. 2 is a transverse vieW of the Working end of a drill 
bit assembly according to an alternate embodiment of the 
invention, shoWing a conventional o?‘set tricone rotary drill 
bit With a central longitudinal passage formed therein for 
slideably receiving an axial impact bit; 

FIG. 3 is a longitudinal cross section taken along lines 3-3 
of FIG. 1 shoWing a drill bit assembly according to a ?rst 
embodiment of the invention Which includes a drill bit 
coupled to a drillpipe sub coaxially housing an impact 
engine that is in turn connected to and actuates an impact bit, 
Wherein the impact bit is in a fully discharged, distal 
position; 

FIG. 4 is a longitudinal cross section vieW of the embodi 
ment of FIG. 3 Wherein the impact bit is in a fully charged, 
retracted proximal position just before the impact stroke is 
triggered; 

FIG. 5 is a longitudinal cross section vieW of the embodi 
ment of FIG. 3 Wherein the impact bit is in a fully charged, 
retracted proximal position immediately after the impact 
stroke is triggered; 

FIG. 6 is a transverse cross section of the embodiment of 
FIG. 3 taken along lines 6-6 of FIG. 3 shoWing the proximal 
mounting arrangement for the mud engine Within the drill 
pipe sub and a high capacity ?uid port; 

FIG. 7 is a longitudinal cross section vieW of an impact bit 
assembly according to an alternate embodiment of the 
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invention showing non-rigid attachment of the impact bit to 
the impact engine during the impact stroke; and 

FIG. 8 is a longitudinal cross section vieW of the impact 
bit assembly of FIG. 7 during the charging stroke. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

FIG. 1 illustrates the distal cutting end of a drill bit 
assembly 10 according to one embodiment of the invention. 
The drill bit assembly 10 preferably includes a drag-type 
drill bit 12 With hard cutters 14 pressed into the leading 
edges 16 of the ?utes 18. The cutters 14 are preferably 
natural diamond or PDC, but other suitable materials may be 
used. Although seven straight ?utes are shoWn, any suitable 
number of straight or curved ?utes may be used. Drill bit 12 
may include one or more noZZles 20 for jetting drilling ?uid 
to aid in formation cutting, tool cooling, lubrication, and 
debris removal. The diameter of drill bit 12 is preferably 
suitable for boring a Well of standard gauge. 

Drill bit 12 has a longitudinal passage 22 formed therein 
for slideably housing an impact bit 26. The longitudinal 
passage 22 and impact bit 26 are preferably centered at drill 
bit centerline 24, but they may also be located off center. 
Impact bit 26 is reciprocated longitudinally so that its 
Working point 28 periodically impacts the formation force 
fully and at high velocity to cause brittle fracture abrasion. 
Due to the striking by impact bit 26, the integrity of a rock 
formation is generally compromised by formation of lateral 
and median vent cracks to a depth of and throughout a radius 
from the impact point of approximately 4/3 the indentation 
depth. With lateral vent cracks in the formation, cutting and 
removal of material from the formation is greatly enhanced. 
Impact bit 26 preferably has su?icient siZe, strength, and 
hardness to drill and last for periods equaling or exceeding 
the expected life of the remainder of the components Within 
drill bit assembly 10. For example, in the normal drilling of 
a 97/8 inch hole, a hardened sharpened impact bit 26 of 6 
inches in length With a diameter of 2 to 3 inches is preferred. 

FIG. 2 illustrates a drill bit assembly 11 according to an 
alternate embodiment of the invention. Drill bit assembly 11 
preferably includes a tricone drill bit 13 having cones 15 
With axes 17 signi?cantly offset from the drill bit centerline 
24 to accommodate the longitudinal passage 22 and impact 
bit 26. The cones 15 may have steel teeth or tungsten carbide 
inserts 30 as appropriate, although other cutters may be 
used. Drill bit 13 may also include one or more jetting 
noZZles 20 to aid in formation cutting, tool cooling, lubri 
cation, and debris removal. The impact bit 26 is preferably 
similar to that described above With reference to FIG. 1. 
Although longitudinal passage 22 and impact bit 26 are 
illustrated in FIG. 2 as disposed at drill bit centerline 24, 
they may alternatively be located off-center. The remaining 
structure of drill bit assembly 11 of FIG. 2 is generally 
identical to that of drill bit assembly 10 of FIG. 1 as further 
described beloW. 

Although a drill bit assembly 10 With a diamond bit 12 
and a drill bit assembly 11 With a tricone bit 13 are described 
and illustrated herein, other assemblies characterized by a 
rotary bit Which, includes a longitudinal passage 22 and an 
impact bit 26 housed therein, are Within the scope of the 
invention, including cross-roller bits, tWo-cutter bits, four 
cutter bits, Zublin cutters, disc bits, and ?shtail drag bits. 
Preferably, the impact bit 26 is located in the center or near 
center of a conventional drill bit. The central location of the 
impact bit 26 aids and improves directional control during 
drilling. 
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6 
FIG. 3 is a longitudinal cross section of the drill bit 

assembly 10 of FIG. 1. Referring to FIG. 3, drill bit 
assembly 10 includes drill bit 12 Which is connected to an 
impact engine 32, preferably using an internal thread 33. 
Drill bit 12 is also mounted to a drill pipe sub 29 using 
standard drillpipe or casing thread 35. Impact engine 32 is 
received in the drillpipe sub 29. The sub 29 has an ordinary 
drill pipe or casing thread 31 at its upper end for coupling to 
drillpipe 34. Thus, drill bit assembly 10 can be used Without 
modi?cation in conventional rotary systems With ordinary 
drillpipe, doWnhole motor systems With conventional drill 
pipe or coiled tubing systems, and top drive systems for 
drilling vertical Wells, deviated Wells, and horiZontal Wells. 
The impact engine 32 converts poWer provided by drilling 

?uid via drillpipe 34 into axial reciprocating motion for 
hammering impact bit 26 into the formation. A drilling mud 
(or other drilling ?uid) system is normally employed for 
rotary drilling of an oil and gas Well to cool the bit assembly, 
control doWn-hole pressures, and remove drill bit cuttings. 
Reciprocating mud pumps (not illustrated) are generally 
used at the surface to circulate the drilling ?uid doWn the 
holloW drillpipe, through noZZles at the drill bit, and back up 
the Well bore outside of the drill string. Mud pumps com 
monly have tWo (duplex) or three (triplex) cylinders With 
replaceable liners and vary in hydraulic poWer. For example, 
the drilling of a 10,000 ft. Gulf Coast Well may require a 
triplex mud pump of approximately 600 horsepoWer, 
Whereas the mud pumps on an offshore rig typically have 
betWeen 1300 and 1600 horsepoWer. 
Mud pumps are preferably siZed to provide a mud circu 

lation rate su?icient to entrain bit cuttings and carry them to 
the surface. Annular ?oW velocities ranging between 100 
ft./min. and 200 ft./min. are generally adequate, depending 
on the drilling rate. For a 97/8 inch bore gage and a 5 inch 
drillpipe, 135 ft./min. annular ?oW velocity equates to a 
volumetric ?oW rate of about 400 gpm. At this ?oW rate, the 
pressure losses across the drillpipe, return annulus and 
surface mud system can be calculated to be about 1100 psi. 
Similarly, the pressure drop across the bit noZZles 20 of a 
typical drill bit 12 can be calculated to be about 1610 psi. 
Thus, the mud pump must provide a net discharge head of 
about 2710 psi at a ?oW rate of 400 gpm, requiring a 
hydraulic poWer of about 650 horsepoWer. Approximately 
40 percent of the mud pump hydraulic poWer is used in 
overcoming frictional losses Within the drillpipe, return 
annulus and surface mud system in the round trip circulation 
of the drilling ?uid, and the remaining 60 percent of the 
poWer is available at the drill bit assembly 10 and is used for 
heat control of the drill bit 12 and for removal of cuttings 
through a jetting process at drill bit noZZles 20. For a more 
thorough discussion of the mud system ?uid ?oW calcula 
tions used herein, the reader is directed to B. C. Craft, W. R. 
Holden and E. D. Graves, Jr., Well Design: Drilling and 
Production, Prentice-Hall, (1962). 

The poWer available in the mud system at the drill bit 
assembly 10 can generally be increased or decreased by the 
mud pump operator. Increasing the poWer output of the mud 
pump to drive the impact engine 32 of drill bit assembly 10 
alloWs the drilling system to operate in a conventional 
manner, but With the added energy applied to the rock face 
in the form of a concentrated impact by impact bit 26 that 
Will aid in the penetration rate. Preferably, drill bit assembly 
10 can be used in any type of mud system including Water, 
oil and polymer systems. 

Impact engine 32 receives pressuriZed drilling ?uid from 
the interior 36 of conventional drillpipe 34 to actuate impact 
bit 26. In one embodiment, impact engine 32 is a hydraulic 
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piston engine having a hydraulic cylinder 42 longitudinally 
connected to passage 22 and a piston 44 slidingly received 
in cylinder 42 Which is connected to impact bit 26 via piston 
rod 46. More preferably still, as illustrated in FIG. 3, impact 
engine 32 is a single acting piston engine Which uses a 
spring 38 as an energy accumulator to rapidly and forcefully 
drive the impact bit 26 in the outWard distal direction. By 
using spring 38 as an energy accumulator, drill bit assembly 
10 can be tailored to ?t any desired horsepoWer directed 
thereto by the mud pump(s). HoWever, other suitable 
arrangements, such as a double acting hydraulic piston/ 
cylinder arrangement, may be used. 

Referring to FIG. 3, piston 44 is dynamically sealed 
against the Walls of cylinder 42 by piston seals 43. Likewise, 
piston rod 46 is dynamically sealed by packing 45. Piston 
44, Which includes a distal face 52 and a proximal face 54, 
de?nes a distal higher pressure chamber 48 and a proximal 
(surface side) loWer pressure chamber 50. An annular con 
duit 40 betWeen the interior of sub 29 and the exterior of the 
impact engine 32 ?uidly couples the interior 36 of drillpipe 
34 With the distal chamber 48 of cylinder 42 via inlet ?tting 
39. Inlet ?tting 39 is used to regulate the ?oW of drilling ?uid 
from drillpipe 34 to distal chamber 48. Inlet ?tting 39 is 
preferably a replaceable ori?ce assembly With hardened 
surfaces to minimize ?uid cutting or erosion of the ori?ce 
surfaces. Annular conduit 40 also preferably supplies pres 
surized drilling ?uid to the jet nozzles 20 of drill bit 12. As 
pressurized drilling ?uid is injected into distal chamber 48 
from conduit 40, the drilling ?uid exerts a force on the distal 
face 52 of piston 44. Spring 38, disposed in the proximal 
chamber 50 and seated against proximal face 54 of piston 
44, opposes this force. 

Impact engine 32 includes tWo high-capacity ports Which 
?uidly couple cylinder 42 With the Well bore annulus 100 
outside the drill sub 29. The ?rst high-capacity port 58 is 
located distally of piston 44 in the higher pressure chamber 
48. Valve assembly 60 selectively opens and shuts distal 
high-capacity port 58. The second high-capacity port 62 is 
disposed proximally of piston 44 in proximal loWer pressure 
chamber 50. Proximal high-capacity port 62 is preferably 
alWays open to alloW free ?uid communication betWeen the 
Well bore annulus 100 and the proximal chamber 50 of 
hydraulic cylinder 42. 

The distal port valve 60 in FIG. 3 includes a valve seat 64, 
valve cover 66, hinge 68, and lever arm 70. The lever arm 
70 is ?xed in a generally orthogonal relationship to valve 
cover 66; both pivot together at hinge 68. Valve cover 66 
seals against valve seat 64 When it is positioned as shoWn in 
FIGS. 3-4. Piston rod 46 includes a tripping collar 72 Which 
engages lever arm 70 When piston 44 is at the point of full 
charge, ie when spring 38 is fully compressed. Tripping 
collar 72 forces lever arm 70 in a proximal direction and 
valve cover 66 aWay from valve seat 64, as illustrated in 
FIG. 5. 

In a preferred embodiment, distal port valve 60 includes 
a hysteresis mechanism to create a difference betWeen the 
valve opening and shutting set points. Ample hysteresis 
ensures the cylinder pressures completely equalize once the 
distal port valve 60 is tripped open to alloW for a full impact 
stroke and to prevent valve chattering. The hysteresis 
mechanism shoWn in FIGS. 3-5 includes tripping collar 72 
slideably captured on piston rod 46, tripping spring 73 
captured by piston rod 46, and stationary collar 74 ?xed to 
piston rod 46, for instance, by a pin. Tripping collar 72 is 
resiliently coupled to stationary collar 74 by tripping spring 
73. 
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8 
Alternatively, other suitable valve and trip device arrange 

ments may be used. Slide and lift valves as used in the mud 
pump industry may be used in place of the ?apper-style 
valve 60 of FIGS. 3-5. Also, battery operated electronic 
devices may be used to trip and/or actuate valve 60. Addi 
tionally, pressure trip and reset points, rather than positional 
trip and reset points, may be used. In an another embodi 
ment, valve 60 is modeled after common safety valve 
design, Where a predetermined or adjustable bloWdoWn, i.e., 
the difference betWeen opening and shutting pressures, may 
be obtained. Such a valve may have pilot circuitry and is 
preferably constructed of materials, such as forged AISI 
4119 alloy steel, Which can Withstand the drilling mud 
environment for the expected life of the drill bit assembly 
10. As safety valve design is Well knoWn in the art, it is not 
discussed further herein. 

FIGS. 3-5 illustrate the operation of drill bit assembly 10. 
Referring to FIG. 3, the impact bit 26 is shoWn at the fully 
discharged outer position. Spring 38 is in a relaxed or nearly 
relaxed position. Distal port valve 60 is in the shut position. 
Tripping spring 73 is fully relaxed, so that tripping collar 72 
is located furthest aWay from stationary collar 74. 
The mud pump (not shoWn) at the earth’s surface provides 

pressurized drilling ?uid, preferably drilling mud, to the drill 
bit assembly 10 via the interior 36 of drillpipe 34. The 
pressurized drilling ?uid in drillpipe 34 enters annular 
conduit 40 and ?oWs into distal chamber 48 of hydraulic 
cylinder 42 via inlet ?tting 39 and into drill bit jetting 
nozzles 20. The jetting nozzles 20 form a ?oW restrictor that 
creates a backpressure Within annular conduit 40. Inlet 
?tting 39 must be sized appropriately With respect to jets 20 
to ensure su?icient ?uid pressure is delivered both to distal 
chamber 48 and to the bore face through jetting nozzles 20 
at the designed mud pump discharge pressures. If the jetting 
nozzles are too large, the may be insu?icient mud pressure 
to effectively poWer the impact engine 32. 

Referring to FIG. 4, as pressurized ?uid is delivered to 
distal chamber 48, piston 44 is forced against and com 
presses spring 38. Spring 38 acts as an energy accumulator, 
storing potential energy for later transformation into motion 
of impact bit 26. Thus, the proximal motion of piston 44 
(toWards the surface) is referred to as the charging stroke. As 
piston 44 is moved proximally, ?uid in the proximal loWer 
pressure chamber 50 is displaced into the Well bore annulus 
100 via proximal high capacity port 62. The expelled ?uid 
is combined With the recirculating drilling mud ?oWing up 
the Well. As piston rod 46 moves proximally during the 
charge stroke, tripping collar 72 engages lever arm 70. The 
force exerted by lever arm 70 due to pressurized ?uid in 
distal high pressure chamber 48 acting against valve cover 
66 is greater than the force exerted by tripping collar 72 due 
to tripping spring 73 as it becomes compressed. Thus, 
tripping collar 72 does not open valve 60 but rather further 
compresses tripping spring 73 against stationary collar 74. 
FIG. 4 illustrates the drill bit assembly 10 With spring 38 at 
maximum compression just before distal port valve 60 is 
tripped to an open position later. 

FIG. 5 illustrates the drill bit assembly 10 With spring 38 
at maximum compression just as distal port valve 60 is 
tripped to an open position but before impact bit 26 has 
started its outWard impact stroke due to the force of spring 
38. As tripping spring 73 becomes fully compressed, further 
proximal motion of piston rod 46 causes the force exerted by 
tripping collar 72 to exceed the force of lever arm 70 due to 
mud pressure acting against valve cover 66. Tripping collar 
72 forces valve 60 open. As valve 60 is tripped open, the 
higher pressure mud in distal chamber 48 is in ?uid com 
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munication With the lower pressure drilling ?uid in proximal 
chamber 50 via high capacity ports 60 and 62. The higher 
and loWer pressures separated by piston 44 in hydraulic 
cylinder 42 equalize rapidly, and spring 38 forces piston 44, 
piston rod 46, and impact bit 26 distally outWard With great 
force and at high velocity. Tripping collar 72 continues to 
hold valve 60 open as piston rod 46 travels distally until 
tripping spring 73 is fully relaxed, thus providing the nec 
essary time for the pressures to equalize and alloWing full 
travel of impact bit 26 during the impact stroke. 

The resulting positions of piston 44, piston rod 46, impact 
bit 26 and valve 60 are shoWn again in FIG. 3. Due to the 
striking by the tip 28 of impact bit 26, the integrity of the 
rock formation is generally compromised by formation of a 
median vent crack 90 and one or more lateral vent cracks 92 
to a depth of and throughout a radius from the impact point 
of approximately 4/3 the indentation depth. With lateral vent 
cracks 92 in the formation, cutting and removal of material 
from the formation is greatly enhanced. 

The impact cycle illustrated by FIGS. 3-5 repeats con 
tinuously. The impact rate of drill bit assembly 10 is a 
function of spring 38 parameters (spring length and spring 
constant), inlet ?tting 39 parameters (ori?ce size), the jetting 
nozzle dimensions, and the mud pump discharge pressure. 
The impact rate of drill bit assembly 10 may be varied by 
changing ori?ce size of the inlet ?tting 39 or by varying mud 
pressure. HoWever, other control methods may be used. For 
example, a centrifugal governor (not shoWn) that throttles 
inlet ?tting 39 based on the rotational speed of the drillpipe 
34 may be used. As governor design is Well knoWn in the art, 
it is not discussed further herein. Alternatively, inlet ?tting 
39 may be a battery-powered valve that is controlled either 
by the rotational speed of the drillpipe 34 or by doWnhole 
telemetry. Existing telemetry technology provides for send 
ing control signals doWn smart drillpipe or by transmission 
in the drilling mud. The battery Would preferably have 
ample energy to provide control for the life of the drill bit 
assembly 10. As doWnhole telemetry is Well knoWn in the 
art, it is not discussed further herein. 

Because a mud system typically has abrasive inclusions 
such as 30 percent or more of quartz particles, impact engine 
32 is preferably of the simplest type using the technology 
and materials of the mud pumps that exist today. For 
example, piston 44 is preferably manufactured from heat 
treated forged AISI 5140 alloy steel, and piston rod 46 is 
preferably made of forged alloy steel With a thermal re?ning 
treatment. Piston seals 43, piston rod packing 45, and any 
gaskets or o-rings are preferably made of rubber reinforced 
With fabric, urethane, or nitrile-butadiene rubber (NBR). 
Cylinder 42 is preferably manufactured With a chrome 
plated or high chrome iron inner surface With a bore hard 
ness betWeen 58 and 67 RockWell C in a forged steel hull 

With a tensile strength exceeding 90,000 psi. Alternatively, 
cylinder 42 may be made of forged steel With a carburized 
inner surface having a hardness of 58-62 RockWell C. Valve 
60 and valve seat 64 are preferably a forged AISI 4119 alloy 
steel construction With deep carburized surfaces. Current 
mud pumps, Which employ these state-of-the-art elastomers 
for seals and these hardened steel components for cylinders, 
pistons, ports, and valves, typically alloW for operation 
under abrasive conditions for continuous periods of up to 
400 hours. Thus, it is expected that impact engine 32 Will 
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10 
operate for comparable periods of time. The remaining 
components of drill bit assembly 10 are preferably of 
su?icient size and strength to drill and last for periods 
equaling the expected life of the limiting impact engine 32. 
For example, in the normal drilling of a 97/8 inch hole, a 
hardened sharpened impact bit 26 of 6 inches in length With 
a diameter of 2 to 3 inches should exceed a 400 hour life. 

FIG. 6 is a transverse cross section taken along lines 6-6 

of FIG. 3. Impact engine 32 is preferably coaxially disposed 
Within sub 29, de?ning annular conduit 40. HoWever, the 
impact engine may be transversely positioned olf center or 
be angularly o?fset Within drill sub 29. A number of resilient 
spacers 102 preferably keep impact engine 32 properly 
positioned Within sub 29. The proximal high-capacity ?uid 
port 62 is preferably formed by a threaded sleeve Which 
bridges the annular conduit 40 betWeen impact engine 32 
and sub 29. The distal high-capacity ?uid port 58 (FIGS. 
3-5) is likeWise preferably formed. 

FIGS. 7 and 8 illustrate an alternate embodimentidrill 
bit assembly 9. Drill bit assembly 9 is nearly identical to drill 
bit assembly 10 as shoWn in FIGS. 3-5, except that impact 
bit 26 is not made fast to piston rod 46. The distal end 47 of 
piston rod 46 acts as a hammer Which strikes the proximal 
anvil surface 37 of impact bit 26. Impact bit 26 freely slides 
Within passage 22, but it contains a capturing stop 97 that 
engages a distal shoulder 98 of piston rod 46 to keep impact 
bit 26 non-rigidly attached to piston rod 46. The operation of 
drill bit assembly 9 of FIG. 6 is generally the same as 
described above With regards to drill bit assembly 10 of 
FIGS. 3-5, respectively. During the impact stroke, the piston 
rod moves distally With respect to impact bit until, as 
illustrated in FIG. 7, as the hammer surface 47 of piston rod 
46 strikes anvil surface 37 of impact bit 26. The impact 
momentum is transferred to impact bit tip 28. During the 
charging stroke, illustrated in FIG. 8, as piston rod 46 moves 
in the proximal direction, it slides relative to impact bit 26 
until the shoulder 98 engages stop 97 for carrying the impact 
bit for the remainder of travel. Although the drilling jars 
used in cable tool systems are similar in design, this embodi 
ment is used to transfer the accumulated energy of the 
impact engine to a selected smaller volume of the earth by 
decreasing the travel stroke of the impact bit in relation to 
the travel stroke of the impact engine. 

The Abstract of the disclosure is Written solely for pro 
viding the United States Patent and Trademark O?ice and 
the public at large With a means to determine quickly from 
a cursory inspection the nature and gist of the technical 
disclosure, and it represents solely a preferred embodiment 
and is not indicative of the nature of the invention as a 
Whole. 

While some embodiments of the invention have been 
illustrated in detail, the invention is not limited to the 
embodiments shoWn. Modi?cations and adaptations of the 
above embodiments may occur to those skilled in the art. 
Such modi?cations and adaptations are in the spirit and 
scope of the invention as set forth herein: 

What is claimed is: 
1. A drill bit assembly (10) comprising: 
a rotary drill bit (12) having a proximal end adapted for 

connection to a drillpipe (34) that supplies drilling mud 
or foam and a distal end designed and arranged to bore 
a hole in the earth due to rotation about a longitudinal 
axis (24) thereof, said drill bit characterized by having 
a longitudinal passage (22) formed therein; 
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a single impact bit (26) having at least a portion thereof 
slideably housed in said passage and having a distal end 
designed and arranged to impact the earth; and 

a hydraulically actuated impact engine (32) disposed 
Within and coupled to said drillpipe and having a 
reciprocating member (44, 46) coupled to said impact 
bit, said impact engine ?uidly coupled to said drillpipe 
for receiving said drilling mud or foam Which acts on 
said reciprocating member; 

Wherein said impact engine includes, 
a hydraulic cylinder (42) formed longitudinally therein 

and disposed tandem to and in communication With 
said passage, 

a piston assembly (44, 46) slideably received Within 
and generally dynamically sealed against said cyl 
inder and de?ning a ?rst chamber (48) and a second 
chamber (50) therein, said piston assembly de?ning 
said reciprocating member, 

an energy accumulator (38) operatively coupled to said 
piston assembly, 

a conduit (40) ?uidly coupling a point at said proximal 
end of said impact engine to said cylinder, and 

an isolatable ?uid path (58, 62) disposed betWeen said 
?rst chamber and said second chamber; 

Whereby said impact engine is designed and arranged to 
cause said impact bit to strike the earth and said drilling 
mud or foam provides energy to said energy accumu 
lator, Which is subsequently converted to longitudinal 
motion of said piston assembly for causing said impact 
bit to strike the earth. 

2. The drill bit assembly of claim 1 Wherein: 
said passage is disposed generally coaxially to said lon 

gitudinal axis; and 
said cylinder is disposed generally coaxially to said 

longitudinal axis. 
3. The drill bit assembly of claim 1 Wherein: 
said energy accumulator is a spring. 
4. The drill bit assembly of claim 1 Wherein: 
said isolatable ?uid path is de?ned by a ?rst port (58) 

?uidly coupling said ?rst chamber and the exterior of 
said impact engine, a valve (60) designed and arranged 
to selectively isolate said ?rst port, and a second port 
(62) ?uidly coupling said second chamber to the exte 
rior of said impact engine. 

5. The drill bit assembly of claim 4 further comprising: 
a trip mechanism (72) for opening said ?rst valve. 
6. The drill bit assembly of claim 1 Wherein: 
said reciprocating member is ?xed to said impact bit. 
7. The drill bit assembly of claim 1 Wherein: 
said reciprocating member has a hammer surface (47) 
Which strikes an anvil surface (37) of said impact bit. 

8. In a drill bit assembly including a rotary drill bit (12) 
having a distal end designed and arranged to bore a hole in 
the earth and a proximal end for attachment to a drillpipe 
(34) that supplies drilling mud or foam to said drill bit, the 
improvement comprising: 

a generally longitudinal passage (22) formed in said drill 
bit; 

an impact bit (26) having at least a portion thereof 
slideably housed in said passage; 

an impact engine (32) coupled to said drill bit, said impact 
engine including a hydraulic cylinder (42) ?uidly 
coupled to an interior (36) of said drillpipe for receiv 
ing said drilling mud or foam, a piston (44) slideably 
received in said cylinder, and an energy accumulator 
(38) coupled to said piston, said piston coupled to said 
impact bit, said piston de?ning a ?rst chamber (48) and 
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a second chamber (50) Within said hydraulic cylinder, 
the impact engine further comprising an isolatable ?uid 
path (58, 62) disposed betWeen said ?rst chamber and 
said second chamber; 

Whereby said drilling mud or foam provides energy to said 
energy accumulator, Which is subsequently converted 
to longitudinal motion of said piston for causing said 
impact bit to strike the earth. 

9. The drill bit assembly of claim 8 Wherein: 
said energy accumulator is a spring. 
10. The drill bit assembly of claim 8 further comprising: 
a ?rst port (58) ?uidly coupling said ?rst chamber and the 

exterior of said drillpipe; 
a valve (60) designed and arranged to selectively isolate 

said ?rst port; 
a second port (62) ?uidly coupling said second chamber 

to the exterior of said drillpipe; and 
a trip mechanism (72) for opening said ?rst valve; 

Whereby 
said ?rst port, said second port and said ?rst valve de?ne 

said isolatable ?uid path. 
11. The drill bit assembly of claim 8 further comprising: 
a drillpipe sub (29) coupled betWeen said drill bit and said 

drillpipe, said drillpipe sub housing said impact engine. 
12. A method for drilling a hole in the earth comprising 

the steps of: 
forming a drill string having a rotary drill bit (12) char 

acteriZed by having a longitudinal passage formed 
therein for slideably housing an impact bit (26) therein, 
a drilling mud or foam actuated impact engine (32) 
connected to said drill bit and to said impact bit, and a 
drillpipe (34) connected to said impact engine; 

rotating said drill string about a longitudinal axis (24) 
against the earth under a Weight; 

supplying said drilling mud or foam by said drillpipe; 
poWering said impact engine With said drilling mud or 

foam to reciprocate a piston (44) Within a hydraulic 
cylinder of said impact engine; 

moving said piston (44) in a ?rst direction by creating a 
pressure difference across said piston due to said cir 
culating drilling mud or foam; 

compressing a spring (38) by said piston; 
equalizing said pressure difference across said piston by 

opening a ?uid path (58, 62) around said piston; 
alloWing said compressed spring to move said piston in a 

second direction; 
reciprocating said impact bit by said piston; and 
striking the earth by said impact bit through said passage. 
13. The method of claim 12 further comprising the step of: 
striking an anvil surface (37) of said impact bit by a 
hammering surface (47) of said reciprocating member. 

14. The method of claim 12 further comprising the step of: 
reciprocating said impact bit by ?xing said impact bit to 

said reciprocating member. 
15. The method of claim 12 further comprising the step of: 
providing a hydraulic poWer to said impact engine by a 

hydraulic ?uid pump Which circulates said drilling mud 
or foam. 

16. The method of claim 15 further comprising the step of: 
accumulating potential energy in the form of a com 

pressed spring (38) from energy transferred by said 
circulating drilling mud or foam. 

17. An impact engine assembly (32, 26) for connection to 
an impact bit (26) comprising: 

a drillpipe sub having a proximal end adapted for remov 
able connection to a holloW drillpipe (34) and a distal 
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end designed and arranged for removable connection to 
a rotary drill bit (12) Which slidingly accommodates 
said impact bit therein; 

a hydraulic cylinder disposed Within said drillpipe sub; 
a piston slideably disposed in said cylinder for coupling to 

said impact bit, said piston de?ning a ?rst region of said 
cylinder Which is hydraulically coupled to an interior of 
said holloW drillpipe and a second region Which is 
hydraulically coupled to a region external to said 
drillpipe; 

a spring coupled to said piston; and 

14 
a triggering mechanism 

Whereby drilling mud or foam from said holloW drillpipe 
pressuriZes said ?rst region, moving said piston in a 
?rst direction and compressing said spring, 

Whereby said triggering mechanism vents said ?rst region 
to said second region, alloWing said spring to relax, 
moving said piston in a second direction opposite to 
said ?rst direction. 


